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_ABSTRACT

During the period of this céntract the following

phases:wére investigated:

X.

o5

7 L]
8.
S.
0.
11.
:[2'0
13.
14,

a. Stability of chromyl nitrate by various additives

b. Stabllity of chromyl nitrate under high nitreogen
pressure..

Preparation of CrO(NOs)s.8H:0.

Estimated heats of formation and heats of reaction
of some metal oxynitrates and perchlorates.

The decomposion products of -chromyl nitrate were

determined by mass spectroscopic analysis.

. The reactions of MnClp, MnFp, Mn acetyl-acetonates,

Mnz0(NOa)2, MnOz with NgOg Were investigated.
Reaction of potassium manganese(IV) hexafluoride

with dinitrogen pentoxide.

Reaction of potassium manganese(IV) hexafluoride with
dinitrozen tetroxide: 7

Reaction of potassium manganese(IV) hexachloride with
dinitrogen tetroxide.

Reaction of potassium manganese(III)hexaeyanide with

dinitrogen tetroxide.
Reactions of MnCls with NuO4 and N20s..

Freparation of TéTf@ aikyl ammoniuf = MAZCI4.
Preparation of MnsNOPh and MnClsPhPOs.

Reaction of MnGla(PhgPG)a2 with NaOg.
Reaction of MnCls(PhsPO)s with Nz04.
Reaction .of (NW84)2[Mn201¢] with NaOs. -
Reactlon of (NMes)al[MnaClalEl with NaOs.

Reaction of (Nmeﬁ)a[Mn20141014 with N204, in nitro-
methane.
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FINAL CCMPREHENSIVE REPORT
CONTRACT NO.: DA18-108-AMC-1864.

REACTIONS_OF,MANGANESE COMPOUNDS WITH DINITROGEN PENTOXIDE

Preparéd by: Hans B. Jonassen and Colin Hewlett

~ INTRODUCTION

The: aim of this investigation y2s to prepare nitrato
complexes of manganese in its higher oxidation states. The
potential of such compounds as powerful oxidernts was dis-
cusse&’iﬁ a previous report.

A review of nitrato complexes with special reference
to those of manganese 1s presented here. Particular em-
phasis is placed on fthe infrared spectra o6f these compounds
since they provide imporiant structural informétién.

A brief review of the compounds of manganése in 1its
nigher oxidatlon states is followed by a description of

-experiments carpried out in onier to prepare such cbmﬁoundau

Experiments designed to yield the required nitrato égmf
plexes are discussed and finally.a'novel reaction Lf ~anf-
ganese salts with trialkyl phosphates, analogous to the

Arbuzov réaction, . is described.

NITRATO COMPLEXES

Nitrato complexes have been preparéd by a varie%y of

methods. The reaction of metal chlorides or oxides with
dinitrogen teiroxide or dinitrogen pentoxide are the most
commonly used methods.

1.




5 ‘. The nitrato groun can be bonded to the metal in a

‘gi ‘ t unidentate or bidentate fashion. These structures can be

OO

& .

distinguished from one another by means of infrared spec-~
troscopy. The assignment of bonds for the unidentate nitrato

group has long been establigshed but the assighment of bond

8Q o 0 . " R
-4 ,9’»’4.,4:,,53« ,@vw*»w, [
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&

for the bidentate nitrato group has been achieved only

e
Kt

°
HADET 18 e
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recently* as no authentic bidentate nitrato complex was

ST,

< o
N &+
e

1) Addison and Simpson, J.Chem.So¢., 1965, 598.
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avallabile.
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; The following table gives the assignments and approxi-

T
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mate frequencies for both the unidentate and bidentate

3
-

nitrato greups:

L
s

S

Unidentate Bidentate
NO2 Sym. Stretch 2L (1290)°™* U (985)
L NO Streteh U= (000) Ui (1630)
NOz Sym. bond s ( 7H0) s ( 785)
AN I .~ NOp Asym. Stretch U4 (1480-1550) Uy (1250)

S : NOa Asym. bond , Vs (115 Us ( 750)
ek out of plane rocking ;&T’Q ( 800) 2)7; { 700)

A?‘, 3 *

<
&

e 7 The bidentate frequencies were assigned for 71(NOs )4 whose
¢ ioo . structure was shown by X-ray diffraction to include a bi;

BRI dentate nitrato group.
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PROPERTIES

Bidentate nitrato groups are assocliated with strong

oxidizing properties.2 The hitrates of titanium; zirconium,

a) Addison, Garner, Simpson, Sutton and Wallwork, Proec.Chem.
Sgcey 1964, 3670

beryllium, copper(II), and tin(IV) all 8how these properties.
That the nitrato group has to be bonded in a bidentate fashion
for strong oxidizing properties to be -observed was established

by comparing the two nitrates, Sn(NOs)s and Sn(NOs)e.2 pyri-

SN —o

dine, The latter is unreactive.

Addison?® suggests that the bonding in bidentate nitrates:
is not through two bonds but that a 3-center bond may be
inYOl"VQdo
NITRATO COMPLEXES OF MANGANESE

Anhydrous manganese nitrate contains unidentate nitrato

groups, the highest infrared bond appearing at 1553 em *,

The compound Mn(Co)s(NOs) was: prepared by the reaction
of Mna(Go)ie with dinitrogen tetroxide, and is important in
that it proQidedAan‘authenticvunidentate nitrétolcombiex éﬁd
enabled che assignment oS the infrared bonds of such a group.
The anion IMnCNbayéli was prepared by the réaction:®

MnCla + 2PhgAsMel + 4AgNOs l’fi—"-’j;} [PhafeMele [Mn{NOs)s]

a) Straub, Drago and Donaghue, Inorg.Chem., 1, 848, 1962,

B
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Infrared spectra and reflectance spectra both suggest uni-

II

dentate bonding and hence 4-coordinate Mn~~. Mn*T can be

tetrahedral as in the compounds MnBrs~ and MnCln.2PhgPO.%

4) @Goodgame and Cotton, J.Chem.Soc., 1961, 3735.

MANGANESE in VALENCE STATES GREATER THAN Ii

The higher oxldation states of manganese are relatively
unstable; they can be stabllized by ligands with highly
electronegative Qonations, Cl-, ¥, and best of all Oz. With
less electronegative donors, thé ligand is oxidized by trans-
fer of charge to ‘the metal atom.

PREPARATION OF MnCls

A number of preparations are described in the literature.

All but one of these proved to be unsatisfactory.

1. Reaction of manganous chloride with chlorine® is

s) Nickles, CGompts rand. 60, 480.

reported to give MnCla. Anhydrous chlcrvine gzas was bubbled
into a suspension or solution of mangans.s chloride in the
following solvents:
a. Carbon tetrachloride(suspension) - no reaction up
to reflux temperature. 7
b. ‘Nitromethane(suspension) -~ no reaction from -3%0°
up to +30°0 ,
c. Acetonitrile(suspénsion) - no reaction from -30°

up to +30°,
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d. Dimethyl Sulfoxide (solution) - explosive reaction
+ with solvent.

e. Diethyl ether {suspension) - no reaction from -78°
up to -20°. Explosion on warming to room temperature.

f. Ethaneil (solution) - as for (e).

g. Methanol (solution) - smooth reaction at room temper-
ature to give violet solution; rémoval of excess
chlorine reverses the reaction giving manganous
chloride.

(11) The reaction of manganese %bpxide with acetyl .chlor-
ide is reported to give MniVCls. Very slight reaction
over two days glving a violet solution, but no
product could be isolated.

(111) The reaction of anhydrous hydrogen chloride witn a
suspension of manganese dioxide in carbon, tetra-
chloride or ether is reported to give MniVel,.e

g) Nouveau Traite de Chimie Miner ale. XVI., 971.
and Mn%a o7

+) Gile, Chemistry and Industry, 1961, 989.

This reaction proceeds smoothly at -25°C, less than

10% of the manganese dibxide reacts, and the product is

e GS —
i 'OLL

P oy e e e
VL varLiicew ‘ad ‘o KITell ViIoge

‘0)

SOTAGSTyITE U0 @ giasE &t
~78°. It is soluble in nitrémethane and ether, insoluble
in carbon tetrachloride. It decomposes at room temperature.
The compound was used without further purification as a
étarting material for attempted preparation(of nitrato com-

plexes. {(seé next section).

5,
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CHLORO-COMPLEXES OF MANGANESE

The chloro-complexes Ko¥nClg and KsMnFe proved to be
unsuitable starting materiais (next section) owing to their
insolubility and tendeney to decdmpbsg spontaneously. fhe
tetramethylamonium salt of [Mﬁ;vélei“ was deseribed in a
récent publication® and that of [MFHC1s]” reported without

s) Moews, Inorg.Chem., jy 5; 1966.

analytical data.”?

Tnese preparations were repeated. No preparative de-
tails were given by Gill, but a product was obtained by addi-
tion of s01id NMeyCl to a solution of MnClz in nitromethane
at ~20°C, Evaporation of the solvent, after filtration,
gave a brown powder. Moew's preparation yielded a bright
yellow solid soluble in acetonitrile.

Preparation of the Mn(II} salt, (NMe,)oMnCls, was

|
J R S adena |

}f; ¢ attempted by reaction -of NMesCl with MnCl, in aguedus ethancl

%ffk* and acetone mixture.

‘i§ The analytical data obtained for thise products failed

é;éﬂﬁgﬁ to fit the simple structure shown above, and 1%t is necesaanybﬂ_:
F?:F“?t} ‘to postulate daimeric structure in opder to rationalize the

%j;%é ‘ analyses. A basie structural unit [MnoCis] which remains ,
Lo intact throughout the analysis for halide is common to all
%5% i three compounds. Compounds 1, 2 and 3 ave sbown-below; _ %
22? o compound 1. resulted from thé Mn(II)Cly eiperiment; sompound :
?;%g o 2. from the Mnl;101a experdment, and compeund . «vom the re ;
&l action of [Mn"TT0,]” with HOL. o
R s - - ) .
i%f Q°é | 6. 0 §
e ”
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N N =
1. (NMeg)alMnaClsl
Calculated ¢ 24.0, H 6.0, N 7.0, available C1, 0.0,
Found ¢c 24.0, H6.2, N 6.3 " c1, 0.0.

2. (NMeaCl.[NMeq]MnaCle])
Calculated © 22.1, H 5.5, N 6.4, available ¢1, 8.2.
Found C 22.4, % 5.7, N 5.8, " "9

e cNMquaanaCl4]*+401‘ (NMngCl) 2 [MnaCls]Cla
Caleculated € 7.7, H %4.45, N 5.2, available €1 26.2
Found ¢ 18.0, H 4.6, N 4.5, " Ci 26.6
The infrared spectra of these compounds show only the:bands~i
associated w1$h~NMé4+. The presence of chloride ions is
shown by reaction with dinitrogen tetroxide, the product
of which show ionic as .tell as covalent nitrate groups (see
next séction).

These suggested structures)are~unusualx31ncé they involve
manganese in low as well as high valence states; thuS'cémpgund
1 will contain Mn® as well as Mh*a; compound;Q; Mnf‘as'Well
as Mn3+, and comphund 3, Mn°® as well as.Mn?B or Mﬁ+2 and ‘

Mat® or wnte  ana mate.
Manganese dges form dimers. often containihg a metal- . _

metal bond. Manganese dimer with the metal in more than ohe

valence state are alsq known.® {(e.g. [My(dipy)ggj%?, )

a) Nyholm and urco, Chemistry and Industry, 4, 1960.

cbntainingﬁﬁn*a'an& ¥nt4) .2

oL




ﬂ; r | T - T . e i s b
o TRIPHENYLPHOSPHINE OXIDE. COMPLEXES OF MANGANESE
é A. Manganese in 42 oxidation state.
3 | §* ‘ Both manganous ciloride and mangenous nitrate react
*’ o with triphenyl phosphine oxide in ethanol to give the
f; TR complexes MnXpLa.® A tetrahedral structure was assigned
- 20 ) g 10) ‘Goodgame and Cotton, J.Chem.Soc., 3735; 1961,
é JQ to the chloride from a study of the reflectance spectrum.
% These. prep?.rations were repeated.
PE MnC1a(PhsPO) o
9, Calculated € 63.3 HL4.F P 9.1 c1 161;,1?%
: E ‘ Found. ¢ 62.8, 63.3 H 4. P91 0L 10.5%-
o | Mn(NOs) 2( PhsPO) 2
é Caleulated G 58.7 H4.1 B 9.7 N 3.8
S Found ¢c5.8 HY4.2 P 7.9 N 3.6%
03: - The ¢hloride was converted to the nitrate by react;i§n. with
eﬁsufe " dinitrogene tetroxide in nitromethane or ace.tonitrilg ‘at» room
* ..C‘L temperature., The reaction prooceeded. 'smoothly, no side
%‘j‘”_“ T " vonction Buch a8 Subs titution on the phenyl groups ﬁéin; observed*
““ - 1 | Mn(NOa)a(PhaPQ)a, Found, C 59.8, H, ¥.45, N, 3.75, P, 8. 65% ‘
fﬁg “ B. bzanganese in +3 oxidation state. ‘
k L ) Mar.ganic eirloride was stabilized by eomplexing wiiﬁh
; fo triphenylphosphine oxiGe. Addition of triphenyl phosphine
og - ' oxide to a soiution of manganie chloride in n:!.tromethana did |
;%Ct;j - not yleld the desired product, but by carrying out the prepara-
fe «r ' tlon of ¥nCls in the presence of BhoP0, & blue crystalline
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%% product was obtained which could be Fecrystallized from
%E ethyl acetate without decoiposition. It Iiberated icdine
%% from an acid solution of potassium iodide, showing the
g manganese to. ve in an oxidation state greater than II.
fgﬁ MnCls+3(PhaP0)
E Calculated C 65.2, H 4.5, P 9.4, €1 10.6%
“% Found ¢ 6%.6, B .4, ?A 9.7 ¢l 11.1%
1. Rea.tlon of KoMnFg with NaOs and NzOf. This was
described in Seventh Quarterly Report.
Heterogeneous reaction, product showing ionic nitrate
‘ fpif‘ | groups cnly. _ ‘
2, Reaction of K»MnClg with NuOs and Na0y. This was
n described in Seventh Quarterly Report.
£a Product shows ionic nitrate groups only.
?iyégv 5« BReaction of MnOz, Ko2MnOs, KMnOs with: N2O4 in nitramethane.
e No reaction up to +70°C. o
f:,hifq , 4., Reaction of MnCl, with Nx04 in nitromgthane: )
\ \ ( Crude manganlc chloride was»useq:in nitromethanewéold{
: tion. Reaction af -20° gave no prodﬁctﬂ Reaction at.
1 - room temperature gave small yleld of hygroscopic color-
. les. €0lid whose infrared spectrum showed bands at
0; 1690 em™* and 1580 em™t suggesting both~unidenaéﬁg and
?g bidentate nitrato groups. _ -
5. Reaction of MnGla(Ph3BO)g with Na04 in either nitro-
-;;‘, methane or acetonitrile gave Hn(NOz)g{Bhakola.(seé pre-
“f vious gection). Reaction would not proceed in ethyl
acetate solution. ‘ -
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6. Reaction of MnCls{PhgP0O)s with N204; in nitromethane
gave infrared bands at 1690 em™*, 1560 cm™*, 1340
(broad), and 1020 em™*. ‘The high frequency absorption
at 1090 ¢m % suggests bldentate bonding, but‘fhe broad
N : peak at 1340 suggests that lonlc groups are also present.
“ Products decomposed in attempts to recrystallize in the
S usuel solvents. | :
*"i e 7. Reaction of (NMes)a[MnsCle] with Na0O4 in nitromethane '
fégo”i ‘ gave & yellow solid whose infrared spectrum shows bands
:Si - at 1610 em™%, 1370 em™*, and 820 om™%, suggesting biden-
iEé%f tate covalent nitrate grcups as well as lonic nitrate
igtgjf groups. Producks. could not be recrystallized without
: f}‘ozf decomposition in the usual solvents. \
fé% Q} 3. Reaction of (NMes)a2[MnaCls]Cl with N204 in nitromethans
f%ﬁ\%;}, gave a product whose infrared spectrum‘showé bénd at
Bi%s 1630 om™*, 1540  em™, 1370 em™*, 1025 cm™* and 815 em™>
fh%oj«iﬁg suggesting both unidentate and bidentate ccvaienﬁinitr&te
;? ;o“} groups as well as jonic nitrate groups. Rapid decom-
¥3§;“"5«: position of products when recrystallization was attemptéd ‘
szr CSACGIE USWST SOIERbS. - - o o e o e L
. 9. Reaction of (NMes)a[MnaCle]C1ls with NaOs in nitromsthane
F%é :?f or acetonitrile gave.a'yellqw‘solid’whose;infrqred i_ '
;gs% - ; _ spectrum gave bands at 1550 em *, 1370 cm %, 812;qu§;
@ifﬂgf;e suggesting unidentate nitrato groups as well ds ionic
E;é% s ?f nitrate groups. Violent .decomposition when aﬁtempﬁsAﬁgre
j?g§¢5 é; made to reerystallize in “he usual solvents. | - “
A - ; )
AR | J
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REAOTIQN 9F TﬂfALKYE.PHOSPHATE WITH Mnc%g_

Both triethyl and trimethyl phosphates (abbrev. TEP,
THMP) form hygroscople complexes of the type MnCle.2L with
manganous chloridé in ethanol at room temperature. If the
solution is heated to the boiling point, elimination of
alkyl halide takes place with the formation of the complex.

(rO) 0

.0 )
Np £ Mn 5 =\ p
NN 2SN T
(RO) N \o"” \\on

/,OR

This alkyl halide elimination 18 analagous to. the Arbﬁzov
reaction.

MnClz also reacts with a2 nitromethane solution of THMP
or TEP at the boiling point to give this complex in a
hetexrogéneous reaction.

¥nClp reaets with TEP in the absence of solvent at
120° to give the complex.

Mn({NesJo Peacts with TMP at 170° to give the same
-compound. ‘ »

SUMARY

- The TESULts Of this Study indicate the great difficully
in the synthesis of manganese nitrato complexes where the:
minganése 1s in & high oxidation state and the nitratq,grqﬁp
coordinates as a bidentate group. Both of thése conditlons
are necesaafy toipro&uee'in~a complei the required pcﬁerfui
oxidizer quality. ' -

11,
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Séveral significant results howevei were obtained which
should be followed up.

1. The chloro complex of the type [MnaClel] which seems
to contain a metal metal bond\{Mn-Mnﬂ involving manggnese
in different oxidation states (0 +6). This is an area of

zreat interest at the present time.® .

2. Thne Interaction of these complexes with N»0s s8eems to

produce new complexes containlng bldentate nitrato groups which
properties

seem to have oxidizingfspecially for those where one of the
manganese is in a hizh oxidation state.

Attempts to prevent the decomposition of these complexés
or vecrystallization snould be carried out with high oxygen
content solvents.

3< fThe synthesis of complexes of the type (R=CHs,CsHs)

RO\ /,0\ /0\ /‘OR
P Mn _P\\ ]
8" N0 No/ Noi
is an interesting development of this study «.d work is being

continued in this area.
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